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Those who have had to do with bevel gear cutting on custom 
work, where the blanks have been sent in "all ready to cut'' will 
doubtless find no difficulty in realizing the motive which prompted the 
author to work out the ensuing data for publication, in the hope that 
it would prove helpful to both expert gear maker and the shop 
man who has occasion only now and then to figure or lay out a 
pair of bevels. 

It seems very apparent that many mechanics do not realize the 
necessity for at least moderate accuracy in blanking out bevel gears, 
taking it for granted that the man with the gear cutter will some how 
be able to make them work all right, regardless of the condition 
in which they are sent to him. 

The hustle of a break-down job may occasionally offer partial 
apology for inaccuracies in blanking out a pair of bevels, especially 
when an efi!brt has been made to follow the sizes of broken or 
worn out gears, but no reason short of ignorance or utter careless- 
ness will suffice for the deplorable condition in which some work 
reaches the gear cutter. 

There seemed to be a necessity for a compilation of this sort 
to meet the wants of the busy foreman and superintendent as well 
as the ofttimes overworked draughtsman, quite as much as for the 
man unfamiliar with trigonometry or the use of formulae and rules, 
whose effi>rts at figuring serve only to leave him in a state of weak- 
kneed uncertainty. 

The range of combinations will be found to cover nearly every 
need of ordinary practice. 

No attempt has been made in this work to give a refinement 
of accuracy beyond the limits of practice in the shop. 
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The outside diameters are figured to the nearest hundredth of 
an inch, for a one-pitch gear, which means a possible error of one 
two-hundredth of an inch for that pitch, and this would be still 
more reduced as the pitch became finer. 

It is convenient for the mechanic to give him the backing 
measured fi-om the points of the teeth, rather than fi-om the pitch 
line as is usually done, and to this end the tables give the projected 
distance fi-om the points of the teeth to the pitch line, in the 
column marked backing for one pitch, this distance to be added to 
the backing as ordinarily used. 

Instead of using the customary degrees and minutes to desig- 
nate the angles, degrees and tenths have been substituted, as the use 
of minutes is quite confiising to the average mechanic when applied 
as so many sixtieths of one of the small divisions as found on a 
protractor or the graduations on the gear cutter. For instance 
the difference between eight-tenths of a degree and forty-seven 
minutes is but one minute, and how much easier the former is to use. 

The face angle has been taken as that between the face and 
axis of the gear, as this is believed to be the most convenient one 
to use. 

The diagram showing the application of the tables will enable 
anyone to substitute the other angle when desired. 

The tables have been arranged in the most convenient manner, 
giving all the data necessary for both the pinion and gear on the 
same page and line, thus economizing space as well as saving time 
in looking up information. 

The flexible binding for pocket use will readily commend itself 
to those who have occasion to carry the book about with them. 

Every effort has been made to eliminate mistakes, but when 
it is considered that there are upwards of seventy thousand items 
in the data, it would not be surprising if some errors had crept in, 
and the author will appreciate any effort on the part of users of 

book, to make it correct within the limits laid down. 



It is not the purpose of this little work to discuss the theory 
of gearing, but rather to state facts deduced from theories already 
demonstrated by others. 

For those wishing to follow the study theoretically, we would 
recommend **A Practical Treatise on Gearing" and ''Formulas in 
Gearing/' both published by Brown & Sharpe Manufacturing Co., 
of Providence, R. I., "A Treatise on Gear Wheels," by George B. 
Grant, Grant Gear Works, Boston, * 'Essentials of Gearing," by 
Gardner C. Anthony, D. C. Heath & Co., Boston. 

In the book by George B. Grant will be found suggestions 
for farther reading on the subject. 

Acknowledgment is due and here made of valuable help 
obtained from the works mentioned, as also from Professor Jones 
''Machine Design" and numerous trade catalogues, from some of 
which the preliminary tables in this work have been adapted, but 
nothing is here appropriated which would not seem from its repeated 
publication to have become public property, 

EDWARD J. FROST. 
Jackson, Mich,, April, igoj. 



RELATIVE SIZES OF TOOTH AT LARGE 

AND SMALL ENDS. 

The pitch cone radius F, of the large end, is to the pitch cone 
radius f, of the small end of the tooth, as the thickness at the large 
end is to the thickness of the small end on the pitch line, so that 
to find the thickness of tooth at the small end we can resort to 
simple proportion. 

Supposing we are to make a pair of bevels 1 8 into 60 teeth, 
4 pitch, with face as wide as is possible to cut with rotary 
cutters, and we wish to know the thickness of tooth on the pitch 
line at the small end and also the height of tooth in order to do 
the calipering at the proper place. 

From the proper column in the tables we find the pitch cone radius 
to be 31.32" for a one-pitch tooth, which divided by four gives 7.83". 

As one-third of this distance is all we can use, the face of the 
gears would become 2.61^^, and this subtracted from 7.83" would 
give 5.22" as the pitch cone radius for the small end of die tooth. 

From the table of tooth parts we find that the thickness on 
pitch line for a four pitch tooth is .392'^, and the height or 
addendum is .25o'\ 

By proportion we have, pitch cone radius F, (7.83") is to 
pitch cone radius f, (5.22'^) as the thickness of tooth at large end, 
(.392") is to the thickness at the small end, and multiplying 5.22 
by .392 and dividing by 7.83 we get the thickness at the small 
end, .261". 

In like manner, 7.83 is to 5.22 as .290 is to the addendum 
at the small end, or 5.22 times .250 divided by 7.83 gives .166"^ 
as the addendum. 

It must be remembered that these figures apply to the thick- 
ness of the tooth measured along the curved pitch line, and the 
height of tooth measured at the center, and must be corrected for 

use in the calipers as shown by diagram and table elsewhere. 

« 
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TOOTH PARTS. 

The table on the opposite page gives the various tooth pro- 
portions and is also a conversion table for changing diametral to 
circular or circular to diametral pitch. 

The first column gives the diametral pitch, or the number of 
teeth to every inch of pitch diameter, the second the circular pitch 
in inches, measured along the curved pitch circle, (not as a straight 
line or chord, except for a rack.) 

The third gives the thickness of the tooth measured along the 
curved pitch circle. 

The fourth is the addendum or height of the tooth outside of 
the pitch line, and is given in inches or fractions of an inch. 

The fifth gives the whole depth to be cut in a blank and is 
in terms of inches and fractions of an inch. 

This table is a combination of two as ordinarily printed and 
^ves perhaps a better idea of the relative values of the two, pitches 
than would otherwise be obtained. 

As the table is intended to be used principally for bevel gears, 
the fractions have not been carried out as far as is ordinarily done 
for figuring lengths of racks, where the small fraction, multiplied 
by a considerable number of teeth produces quite an appreciable 
error. 
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DEFINITIONS. 

PITCH. 

There are two methods of expressing the size of the tooth, 
one being based on the length of the arc from the center of one 
tooth to the center of the next, measured along the pitch circle and 
is called the Circular Pitch, always expressed in units of length, as 
inches or millimetres. 

The other is based on the number of teeth in the circum- 
ference to every inch of pitch diameter, and is called Diametral Pitch. 

The latter method is very largely preferred, on account of 
the greater ease with which the computations can be made. 

MODULE. 

A Module Dears the same relation to the pitch diameter, tnat 
the circular pitch does to the pitch circumference, and is that fraction 
of an inch which has one for its numerator, and the diametral pitch 
for the denominator, the < 'Addendum" in every case being equal 
to this fractional part of an inch. 

FORM OF TOOTH. 

There are two principal forms of tooth curve commonly applied 
in gearing, known as the **Cycloidal" and the * 'Involute" systems, 
the latter being in most general use, especially for cut gears, and 
will be the only one referred to in this work hereafter. 

For hnher information regarding tooth forms, see the books 
referred to in the preface. 
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CORRECTED ADDENDUM AND CHORD- 
AL THICKNESS OF TOOTH. 

In calipering the thickness of the tooth at the pitch line, it 
must be borne in mind that the distance given in most tables is the 
length of the arc from outside to outside of tooth, measured on the 
curved pitch line, v^hile the distance measured by the calipers is a 
straight line, and allowance should be made for the difference, 
otherwise in making a pinion of a small number of teeth, the space 
will be less than the thickness of the meshing tooth, and the gears 
will run hard, if they will run at all. 

In like manner the addendum should be corrected so that the 
calipering will be done at the proper height from the face line of 
the gear. 

These differences are shown in the accompanying cut, and a 
table of corrections is given as a substitute for the figures given in 
the conversion table. 

The values given are for the differing numbers of teeth, on a 
basis of a one-pitch tooth, and in every instance should be divided 
by the pitch in which you are working. 

When making corrections at the small end of the tooth, it will be 
necessary to find the pitch, which can be done by dividing the 
pitch cone radius F, for the large end by the pitch cone radius f, 
for the small end, which in the example given elsewhere would 
be 7.83 divided by 5.22 giving 1.5 as the ratio of f to F, and 
this times 4, the diametral pitch at the large end* gives 6 as the 
diametral pitch at the small end. 

By dividing the figures given in the table of corrected adden- 
dum and chordal thickness of tooth, by the pitch, the proper figures 
would be obtained for use in measuring. 
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METHODS OF CUTTING. 

By inspection of the Sectional Diagram, it will be seen that 
the teeth grow smaller as they approach the intersecting axes of the 
two gears, and from this we may infer that it is impossible to cut 
a perfect bevel with a rotary cutter, as with a curve right for the 
large end it could not be right for the small end. 

A theoretically perfect bevel geer tooth can be cut on a spec- 
ially constructed planer, where the cutting tool moves in straight 
lines passing through the intersection of the axes of the gears and 
is guided for the tooth shape by a hardened steel former placed in 
the right relative position to give the proper size to the large end 
of the tooth. 

When a rotary cutter is used, as is usually the case with the 
smaller pitches up to four or three, the form of the tooth produced 
is very nearly correct for the large end, but as the apex is approached 
the cutter is withdrawn to such an extent that the form of the 
tooth is entirely changed. 

This change of form will be found to produce a tooth whose 
sides are too straight and filing will have to be resorted to, using 
the large end as a guide to round off the small end. 

The standard bevel gear cutters are made thinner than those 
for spurs, so that a gear may be cut whose face does not exceed 
one-third of the pitch cone radius, without producing parallel sides 
to the teeth. 

This in turn makes it necessary to take at least two cuts to 
produce the proper space, and three cuts are often taken, the first 
being a central one from which the remaining proper amount to 
remove can be estimated. 

After having taken the first or central cut, it will be found 
that there remains more metal to be removed at the large end than 
at the small, and this necessitates moving the cutter over out of the 
center of the gear, and following it up with the tooth being c^ 
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by rotating the blank. If on a milling machine, instead of moving 
the cutter, the blank may be set over by means of the indexed 
cross feed screw and the blank rotated in the opposite direction. 

No definite rule can be laid down for these movements, as it 
is largely a matter of cut and try, the rapidity and accuracy of 
the work depending in large measure upon the skill and judgment 
of the operator. 

Brown & Sharpe M%. Co., in their ^'Practical Treatise on 
Gearing" give as a trial distance to set out of center about one- 
tenth to one-eighth of the thickness of the teeth at the large end, 
one-tenth being about right for a twelve-tooth pinion, and from that 
to one-eighth in a twenty-four tooth gear and larger. 

The two methods of rotating the blank and setting over are 
clearly shown in the cut on the following page. 

As a matter of fact B. & S. standard cutters are made a trifle 
thinner than will just go through the small end of the tooth when 
the face is one-third of pitch cone radius, the amount allowed being 
as follows for the various pitches : 

40 pitch and finer, •003" 

12 to 39 pitch, .005" 

8 to II ** .008" 

6 to 7 ** .010" 

5 pitch, .012" 

4 ** .015" 

3 ** .020" 

2 ** .025" 

It will be noticed that* the cutting angle as given in the tables 
produces a root line running toward the intersection of the axes, 
and not cutting proportionately deeper at the small end as given by 
Brown & Sharpe. 

The method here employed necessitates a little more filing at 
the small end, but produces a shorter and stronger tooth. 
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THE USE OF THE TABLES. 

The use of the tables and other data can best be shown by 
direct application to a problem which might easily occur in daily 
practice. 

Suppose that we have to make a pair of bevels, 1 8 into 60 
teeth, 4 pitchy i}^" back of the pitch line to the end of the hubs 
on both gears, and that we wish to have the face as wide as is 
possible to cut with a rotary cutter. 

In the tables all angles read direct, while dimensions have to 
be divided by the pitch worked in, so we would have. 



Pinion.- 



I// 



Face angle, 18.5 degrees. 

Cutting angle, 14.6 

Outside diam. 19.92-^48=4.98' 

Backing, (measured from points of teeth) 
equals i^" plus (.28'' -j- 4) 
equals l.57"» 

B. & S. std. bevel cutter No. 6. 

Back angle, 88.2 degrees. 

Greatest width of face, 31.32" divided by 
4 and then by 3 equals 2.61". 



Gear. — 



Face angle, 75.1 degrees. 

Cutting angle, * 71.2 «« 

Outside diam., 60. 57'' divided by 4 = 1 5. 142''. 
Backing, (measured from points of teeth) 

I J^" plus (.96"h-4) = i.7V'- 
B. & S. std. bevel cutter No. i. 
Back angle, 88.2 degrees. 
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